Isotope theory 144
The oxygen isotope enrichment of bulk leaf water relative to source water, ∆ b , is 145 
152 where ∆ C is the Craig-Gordon prediction of oxygen isotope enrichment of leaf water 153 relative to source water, ∆ V is the oxygen isotope value of atmospheric water vapour 154 relative to source water (taken as zero in the steady state in the experiments because 155 the air coming into the gas exchange cuvette was dry), ε k is the kinetic fractionation 156 due to the smaller diffusivity of H 2 18 O in air in the stomatal pores and in the boundary 157 layer, ε + is the equilibrium fractionation due to the lower vapour pressure of H 2 18 O at 158 liquid-vapour phase equilibrium, and e a and e i are the water vapour pressures in the 159 9 air and intercellular spaces, respectively. ε + is calculated using the regression of 160 Majoube (1971) 
where T is leaf temperature in degrees Kelvin. ε k is calculated according to the 163 following equation (Farquhar et al., 1989; Cappa et al., 2003) The averaged leaf lamina water enrichment at steady state, ∆ l , is estimated from the 169
Craig-Gordon prediction, ∆ C , using the expression proposed by Farquhar and Lloyd 170 (1993) and emerging as a longitudinal average over the lamina in the theory 171 developed by Farquhar and Gan (2003) : 172
where P is the lamina Péclet number, which is the ratio of the advection of less 174 enriched water from veinlets to the back-diffusion of enriched water from evaporative 175 sites. P is defined as: 176 where P r is the total radial Péclet number, given by: 186
and L r is the scaled total radial travel distance from xylem, through veinlets and 188 lamina, to the sites of evaporation. Thus 189
where L rv is the scaled effective travel distance through veinlets. The expression for 191 the enrichment in the veinlets is noted below in (11). 192 This means that the bulk leaf water, ∆ b , will depend on x ∆ and the proportion, and E (Fig.1 ). Significant negative correlation was found between stomatal 214 conductance (g s ), (mol m -2 s -1 ) and VPd (mbar) at both high and low temperature ( at T = 29ºC, and g s = -0.016VPd + 0.527, (R 2 = 0.54, n = 8, P < 0.02) at T = 20 ºC. In 217 12 contrast, transpiration rate (E) was not significantly related to VPd (Fig. 1b) , due to 218 the offset of a lower g s against a higher VPd, although a slight positive relationship 219 was shown at T = 20 ºC. 220
Oxygen isotope enrichment in bulk leaf water (∆ b ) increased with increase in VPd at 221 both high and low temperature (Fig. 2a) of L required to fit observations calculated using Farquhar-Gan model differ slightly 283 from those using the earlier Farquhar-Lloyd theory. This is because the latest 284 treatment takes into account the enrichment in xylem and veinlets (Eqs 11 and 12) . 285
The best fit of modeled to observed ∆ l was found when L was 7.9 mm. This is 286 similar to values found in some earlier studies, but the comparison has to be made 287 
Dependence of Péclet effect on E 312
The Péclet model gave better prediction of ∆ b and ∆ l than the Craig-Gordon model. 313
The data show that 1- ∆ b /∆ C and 1- ∆ l /∆ C increased with increasing E (Fig 4) . 314
Nevertheless, there was a tendency, though statistically non-significant, for L to 315 decrease with increasing E (Fig 6) . This is in the opposite sense from what one might 316 expect given the tendency for L to increase with increasing VPd (Fig 5) . It is clear 317 from Eq 5 that any "missed compartment" of water that resists enrichment, like xylem 318 water that is not part of the excised primary veins for example, will show up in our 319 analysis as an artifactual increase in P. That is, perhaps the content of water 320 associated with "veinlets", φv, is non-negligible. Since P involves the product of E 321 and L, such an artifact will automatically tend to cause an inverse relationship 322 between L and E. This has probably happened to some extent with our data. 323 Nevertheless, it is possible that L could be affected by aquaporins, for example 324 (Barbour and Farquhar, 2003) . In that case, even if the Péclet formulation is valid, one 325 might expect L to change with stress, and perhaps to decrease with decreasing leaf 326 water potential, in which case the response of L to E could be more complex, without 327 necessarily invalidating the Péclet hypothesis. This might also differ between the 328 species and functional groups. were watered daily with tap water. Plants were grown in a humidity-and 355 temperature-controlled glasshouse: daytime temperature and relative humidity were 356 28ºC ± 2ºC and 50% ± 10%, respectively. Nighttime temperature was 20 ± 2ºC, and 357 humidity was the same as during the day. 358
359

Gas-exchange measurements 360
Measurements were made on 27 individual, fully expanded and attached leaves of 361 cotton plants using a leaf chamber connected to a gas exchange system in the 362 laboratory. The configuration of the system was basically the same as described by 363 Boyer et al. (1997) and Barbour et al. (2000b) . Air entering the leaf chamber was 364 generated by mixing 79% dry nitrogen with 21% dry oxygen and CO 2 concentration in 365 the air was 350-360 µmol mol -1 . The through-flow rate of the air was adjusted to 2-10 366 L min -1 to produce various leaf-to-air vapour pressure differences (VPd) ranging from 367 6 to 30 mbar. Photon flux density in the chamber was 100, 500 and 1200 µmol m -2 s -1 . 368
Leaf temperature, monitored by two thermocouples in the leaf chamber, was either 29 369 or 20 ºC. The projected area of the measured leaves ranged from 70 to 170 cm 2 . 370
Calculations of gas exchange parameters were performed according to the equations 371 of von Caemmerer and Farquhar (1981) . g b in the chamber was estimated to be 5 mol 372 m -2 s -1 according to Boyer et al. (1997) . The VPd, ambient CO 2 concentration, photon 373 flux density (PFD), leaf temperature (T), the ratio of the air to intercellular water 374 vapour pressures (e a /e i ), transpiration rate (E) and stomatal conductance (g s ) were 375 monitored at 2 minute intervals. After leaf gas exchange parameters stabilized and the 376 leaf water achieved isotopic steady state (normally after one-hour), all data of each 377 parameter were averaged. Steady-state was confirmed by equality of the isotopic 378 composition of source water and transpired vapor. 379
380
Isotope measurements 381
One hour after leaf gas exchange stabilized, leaves were detached, inserted in sealed 382 vessels and stored in a freezer (-20 °C). Bulk leaf water was later extracted by vacuum 383 distillation, as described by Gan et al. (2003) . The oxygen isotope ratio of the source 384 water was assumed to be equal to that of the tap water used for irrigation. Water 385 20 samples were sealed under argon in tin cups to avoid isotopic exchange and 386 evaporation. The oxygen isotope ratio of the water samples was measured by the 387 on-line pyrolysis method described previously by Farquhar et al., (1997) with an 388
Isochrom mass spectrometer (Micromass, Manchester, U.K.) linked to a pyrolysis 389 furnace in a Carlo Erba elemental analyzer (CE Instruments, Milan, Italy). Oxygen 390 isotope enrichment of bulk leaf water relative to source water (∆ b ) was calculated 391 from measured oxygen isotope ratios of bulk leaf water and source water using Eq 1. 392
In a sub-sample of leaves, primary veins were trimmed off and weighed, then dried 393 and reweighed, to determine φ x , the weight ratio of primary vein water, including 394 ground tissue, to bulk leaf water. Oxygen isotope enrichment of lamina water, ∆ l , 395 was then estimated by mass balance between vein water and bulk water using 396 (Cernusak et al. 2003) : 397
where x ∆ is the oxygen isotope enrichment of primary vein water, and was estimated 399 for individual leaves as follows. From our earlier measurements on cotton (Gan et al., 400 2002) of x ∆ /∆ C and E, the total radial effective length, L r , was estimated using Eqs 7 401 and 8 as 43 mm. That length was then applied with the individual value of E using Eq 402 8 to obtain the individual value of P r , and the latter then applied to Eq 7 to obtain x ∆ . 
